We present a study of variable faint optical sources discovered by comparing the Sloan Digital Sky Survey (SDSS) and the Palomar Observatory Sky Survey (POSS) catalogs. We use SDSS measurements to photometrically recalibrate several publicly available POSS catalogs (USNO-A2.0, USNO-B1.0, DPOSS [the Digitized Second Palomar Observatory Sky Survey], and GSC2.2 [the Guide Star Catalog 2.2]). A piecewise recalibration of the POSS data in 100 arcmin 2 patches (one SDSS field) generally results in an improvement of photometric accuracy (rms) by nearly a factor of 2, compared to the original data. In addition to the smaller core width of the error distribution, the tails of the distribution become much steeper after the recalibration. These improvements are mostly due to the very dense grid of calibration stars provided by SDSS, which rectifies the intrinsic inhomogeneities of Schmidt plates. We find that the POSS I magnitudes can be improved to $0.15 mag accuracy, and POSS II magnitudes to $0.10 mag accuracy. The smallest final errors are obtained with the GSC2.2 catalog, for which they approach 0.07 mag at the bright end. We use the recalibrated catalogs for the $3300 deg 2 of sky in the SDSS Data Release 2 to construct a catalog of $60,000 sources that are variable on timescales of 10-50 yr, and make it publicly available. Using this catalog, we find that at least 1% of faint optical sources appear variable at the >0.25 mag level, and that about 20% of the variable population are quasars, although they represent only 0.6% of all point sources in the adopted flux-limited sample ( g < 19). A series of statistical tests based on the morphology of SDSS color-magnitude and color-color diagrams, as well as visual comparison of images and comparison with repeated SDSS observations, demonstrate the robustness of the selection methods: three out of four candidate variable sources are correctly recognized to vary. We also demonstrate that candidate RR Lyrae stars trace the same halo structures, such as the Sgr dwarf tidal stream, that were discovered using repeated SDSS observations. We utilize the POSS-SDSS selected candidates to constrain the halo structure in the parts of sky for which repeated SDSS observations do not exist. We quantify the distribution of variable sources in the SDSS color-color diagrams and the variability characteristics of quasars. The observed long-term quasar variability (structure function) is smaller than predicted by the extrapolation of the power law measured for short timescales using repeated SDSS imaging (0.35 vs. 0.60 mag for SDSS-POSS I and 0.24 vs. 0.35 mag for SDSS-POSS II, rms). This turnover in structure function suggests that the characteristic timescale for quasar variability is on the order of 1 yr in the rest frame.
INTRODUCTION
The time domain represents another dimension, in addition to the spectral and spatial ones, in the exploration of celestial objects. Despite the importance of variability phenomena, the properties of optically faint variable sources are by and large unknown. There are about 10 9 stars brighter than V ¼ 20 in the sky, and at least 3% of them are expected to be variable at the level of a few percent (Eyer 1999) . However, the overwhelming majority are not recognized as variable sources even at the brightest magnitudes: 90% of variable stars with V < 12 remain to be discovered (Paczyński 2000) . Paczyński (1997) lists striking examples of the serious incompleteness in the available samples of variable stars: eclipsing binaries of the Algol type and contact binaries (W UMa stars) are incomplete fainter than V $ 12, and RS CVn type binaries are complete only to V $ 5. Another vivid example of serious selection effects is the sky distribution of RR Lyrae stars: objects listed in the fourth General Catalog of Variable Stars (the main resource for variable stars) are distributed in isolated square patches with the size and shape of the Schmidt plates used to discover them.
The discrepancy between the utility of variable stars and the available observational data has prompted several contemporary projects aimed at regular monitoring of the optical sky. The current state of the art has also greatly benefited from past and present microlensing searches (Paczyński 2001) . We list here some of the more prominent surveys in terms of sky coverage, depth, and cadence.
1. The Faint Sky Variability Survey (Groot et al. 2003 ) is a very deep (V ¼ 17 24) BVI survey of 23 deg 2 of sky, containing about 80,000 sources.
The comparison of the POSS and SDSS surveys allows studies of long-term variability with timescales of up to half a century. By necessity, such studies are based on a small number of observations of the same objects to constrain the ensemble properties of a sample of sources, as opposed to studying well-sampled light curves for a small number of objects. The lack of detailed information for individual objects is compensated in some ways by the large sample size. In addition, the five-band-accurate SDSS photometry can be used for very detailed source classification, e.g., separation of quasars and stars (Richards et al. 2002) , spectral classification of stars to within one or two spectral subtypes (Lenz et al. 1998; Finlator et al. 2000; Hawley et al. 2002) , and even remarkably efficient color selection (thanks to accurate u-band photometry) of the low-metallicity G and K giants (Helmi et al. 2003) and horizontal-branch stars (Yanny et al. 2000; Ivezić et al. 2005) .
However, when using only several observations, the robustness of variability detection critically depends on the stability of the photometric errors. While the SDSS photometric errors are small ($0.02) and well behaved (Ivezić et al. , 2004a , older photographic POSS data can have large errors (tenths of magnitudes) due to intrinsic inhomogeneities of Schmidt plates and the lack of a sufficient number of calibration stars. This problem can be alleviated to some extent by using photometric measurements of stars in the SDSS to recalibrate the POSS catalogs. In x 2 we describe such a recalibration method and demonstrate that photometric errors in the POSS catalogs can be decreased by a factor of $2 (rms), with a significant improvement in the behavior of the error distribution tails. In x 3 we use SDSS data and recalibrated POSS catalogs to select variable objects in $3300 deg 2 of sky from the SDSS Data Release 2 (Abazajian et al. 2004 ). In the same section we discuss tests that demonstrate the robustness of the selection algorithm, and quantify the distribution of variable sources in the SDSS color-color diagrams. The Milky Way halo structure traced by selected candidate RR Lyrae stars is discussed in x 4, and in x 5 we analyze the variability of quasars. Our main results are summarized in x 6.
THE PHOTOMETRIC RECALIBRATION OF POSS CATALOGS USING SDSS MEASUREMENTS

The Input POSS Catalogs
We utilize several publicly available POSS catalogs: USNO-A2.0, USNO-B1.0, GSC2.2 (the Guide Star Catalog 2.2), and DPOSS (the Digitized Second Palomar Observatory Sky Survey). A description of each catalog and references are listed in Appendix A. Here we briefly mention that all four catalogs utilize the same POSS I and POSS II Schmidt plates. However, the scanning and calibration procedures are different, and the source parameters, such as magnitudes, reported in different catalogs in general are not the same for the same sources detected on the same plates (see x 2.5.3 for more details). USNO-A2.0 reports O and E magnitudes, hereafter O a and E a to distinguish them from the O and E magnitudes reported in the USNO-B1.0 catalog. The latter catalog also lists J, F, and N magnitudes. The GSC2.2 catalog lists J and F magnitudes, hereafter J g and F g to distinguish them from the J and F magnitudes reported in the USNO-B1.0 catalog. The DPOSS catalog is also based on photographic J, F, and N, but they are calibrated and reported as G, R, and I magnitudes. The completeness of the USNO-B1.0 catalog, measured using SDSS data, is discussed by Munn et al. (2004) . Our analysis of other catalogs confirms their result that, in general, POSS catalogs are $95% complete at magnitudes brighter than 19-20 (depending on a particular band/catalog), and have faint limits (which we define as the magnitude at which fewer than 50% of SDSS sources are found in a POSS catalog) at 20.5-21. The distribution of epochs for POSS I and POSS II is shown in Figure 1 .
Sloan Digital Sky Survey
The SDSS is a digital photometric and spectroscopic survey that will cover up to one-quarter of the celestial sphere in the north Galactic cap and produce a smaller area ($225 deg 2 ) but much deeper survey in the southern Galactic hemisphere 12 (York et al. 2000; Stoughton et al. 2002; Abazajian et al. 2004 ). The flux densities of detected objects are measured almost simultaneously in five bands (u, g, r, i, and z) with effective wavelengths of 3540, 4760, 6280, 7690, and 9250 8 (Fukugita et al. 1996; Gunn et al. 1998; Smith et al. 2002; Hogg et al. 2001) . The completeness of the SDSS catalogs for point sources is $99.3% at the bright end (Ivezić et al. 2001 ) and drops to 95% at limiting magnitudes 13 of 22.1, 22.4, 22.1, 21.2, and 20 .3 (the SDSS saturation limit is $14 in the r band and somewhat brighter in other bands). All magnitudes are given in the AB system (Oke & Gunn 1983 ; for additional discussion regarding the SDSS photometric system, see Fukugita et al. [1996] and Fan [1999] ). The survey sky coverage of about sr (10,000 deg 2 ) will result in photometric measurements to the above detection limits for about 100 million stars and a similar number of galaxies. Astrometric positions are accurate to about 0B1 per coordinate for sources brighter than r $ 20:5 (Pier et al. 2003) , and the morphological information from the images allows robust star-galaxy separation to r $ 21:5 (Lupton et al. 2002) . More technical details can be found in Stoughton et al. (2002) and on the SDSS World Wide Web site.
14 In this work we use the SDSS Data Release 2, which provides data for 3324 deg 2 of the sky. The equatorial Aitoff projection of this area can be found at the SDSS Web site (see also Fig. 1 of Ivezić et al. 2004c ).
Photometric Transformations between POSS and SDSS Systems
We chose to synthesize magnitudes in the POSS bands using SDSS measurements and then recalibrate the POSS catalogs using their original bands. The alternative of recalibrating POSS Fig. 4. -Illustration of the recalibration method for the USNO-A2.0 catalog. The dots in the top panels represent magnitude differences between the original POSS O (left) and E (right) magnitudes and the synthetic SDSS-based O and E magnitudes, as a function of the latter, for about 300,000 stars observed in $100 deg 2 of sky in SDSS run 752. The middle panels show the magnitude differences after the first recalibration step, where color-term and zero-point systematic errors are removed. The results of the second recalibration step, which removes the dependence of magnitude differences on magnitude, are shown in the bottom panels. The middle set of large symbols in each panel shows the median differences in magnitude bins, and the two outer sets of large symbols show the equivalent Gaussian widths (determined from the interquartile range), multiplied by 3. [See the electronic edition of the Journal for a color version of this figure.] 14 See http://www.sdss.org.
13 These values are determined by comparing multiple scans of the same area obtained during the commissioning year. Typical seeing in these observations was 1B5 AE 0B1.
catalogs directly to the SDSS system is less desirable because colors at the POSS epoch are poorly known, and this may have an effect on the photometric accuracy for variable sources. Following Monet et al. (2003) , we adopt the following form to define synthetic POSS magnitudes, m SDSS , calculated from SDSS photometry:
where m ¼ g, r, g, r, i, g, r, and i and color ¼ g À r, g À r, g À r, g À r, r À i, g À r, g À r, and r À i for O, E, J, F, N, G, R, and I, respectively [e.g.,
Utilizing data for about $300 deg 2 of sky (SDSS runs 752 and 756), we derived the best-fit values of coefficients b and c for each band and the POSS catalog. We used only ''good'' sources, defined as follows:
1. Sources must be unresolved in SDSS data (note that the SDSS star-galaxy separation is robust to at least r $ 21:5, which is significantly fainter than the faint limit of the resulting sample).
2. Sources must be isolated in SDSS data. This condition ensures that the USNO/GSC/DPOSS photometry is not affected by difficult-to-measure, blended objects.
3. Sources must not be saturated in the g or r band in the SDSS data (roughly equivalent to g; r > 14) and must have g < 19 to ensure good photon statistics in the POSS sample.
4. The USNO/GSC/DPOSS and SDSS positions must agree to better than 2 00 . This limit corresponds to a $5 cut on astrometric errors (Pier et al. 2003) .
5. The sources must have u À g > 0:7 (measured by SDSS) to avoid highly variable quasars (see x 5).
The best-fit values of coefficients b and c and the residual rms scatter (which is a good measure of the mean photometric accuracy of the POSS catalogs) are listed in Table 1 . Note that J and F magnitudes from the GSC2.2 catalog have the smallest residual scatter, while the O and E magnitudes have the largest scatter.
Similar values for the b and c coefficients were derived for the USNO-B1.0 magnitudes by Monet et al. (2003) . We have verified that adopting their transformations results in only slightly larger residual scatter (by $0.01-0.02 mag) for the other three catalogs. Thus, in order to prevent proliferation of various SDSS-POSS transformations, we adopt their transformations, which we list here for completeness, in the rest of this work:
Since SDSS-POSS transformations for DPOSS G, R, and I magnitudes 15 are not available, we adopt transformations similar to those used by Monet et al. (2003) and use the best-fit values of coefficients b and c from Table 1 :
The Recalibration Method
The first basic premise of the recalibration method employed here is that the SDSS photometric errors are negligible compared to errors in the POSS catalogs: the SDSS photometric errors are $0.02 mag, as demonstrated by repeated scans , while the errors in the POSS catalogs are 0.1 mag or larger. The second premise is that not more than a few percent of faint stars vary by more than a few percent, in agreement with the available data and models (Eyer 1999) . The third assumption is that systematic errors are a significant contribution to photometric errors in the POSS catalog and thus can be calibrated out using a dense grid of calibration stars provided by SDSS. We demonstrate empirically that indeed the accuracy of POSS-based photometry can be improved by about a factor of 2 in all analyzed catalogs.
The recalibration of the POSS catalogs is performed in two steps. In the first step the subsamples of good objects (see x 2.3) are grouped by Schmidt plate and SDSS field. One SDSS field has an area of 0.034 deg 2 ; this is sufficiently large to include enough calibration stars (typically 50-200) , and yet sufficiently small that the response of the Schmidt plates is nearly constant, as shown by Lattanzi & Bucciarelli (1991) . To avoid edge effects, we use a running window with the width of three SDSS fields (0N45; see x 2.4.1 for more details).
For each of the five POSS magnitudes, we minimize P (m recalib À m SDSS ) 2 using the least-squares method, where
and m ¼ O, E, J, F, N, G, R, and I (m SDSS is defined by eqs.
[2] and [3] ). This step removes systematic magnitude errors due to local nonlinearities of the plate, color-term dependence, and zero-point offsets. 16 In the second step, we use all the good sources from a given Schmidt plate ($36 deg 2 ) to correct the dependence of the m recalib À m SDSS residuals on magnitude (using median m recalib À m SDSS in 1 mag wide bins, and linear interpolation between the bin centers). Such residuals are typically larger at the faint end and are probably caused by incorrect sky estimates in the POSS catalogs. Also, for all objects on a given Schmidt plate, the photometric error was determined using a fifth-degree polynomial fit to the standard deviation of m recalib À m SDSS as a function of magnitude (in 0.5 mag wide bins).
The Optimal Recalibration Scale
As advocated by Lattanzi & Bucciarelli (1991) , the characteristic scale for inhomogeneities in Schmidt plates is about 0N5. We tested their result by recalibrating POSS II J-band plates by varying the calibration window width. Figure 2 shows the final errors as a function of that width for three randomly chosen plates. As expected, the decrease of calibration window width decreases photometric errors all the way to the practical limit of $0N5 set by the minimum number of required calibration stars. The figure demonstrates that the improvement in accuracy by decreasing the window width from $0N5-1 to 0 is only $0.01 mag, thus confirming the result of Lattanzi & Bucciarelli. Note that when extrapolating curves to zero window width, plates show varying photometric accuracy, reflecting different intrinsic properties.
The plate-dependent systematic photometric errors in the POSS catalogs are illustrated in Figure 3 (the behavior for the USNO-A2.0 catalog is similar). The large jumps in photometric errors at the boundaries of 6 wide Schmidt plates are obvious and suggest that the photometric recalibration of POSS data is mandatory when searching for variable sources that vary less than a few tenths of a magnitude.
Analysis of the Recalibration Results
Recalibration Results for the USNO Catalogs
The results of the two recalibration steps, described in x 2.4, are illustrated for the USNO-A2.0 catalog in Figure 4 . As evident from the middle panels, the first step results in smaller scatter between SDSS and recalibrated POSS magnitudes, but the magnitude dependence of their differences remains appreciable. This dependence is removed in the second recalibration step, as discernible from the bottom panels.
The recalibration procedure generally results in about a factor of 2 improvement in the rms scatter between SDSS-based synthetic POSS magnitudes and the measured POSS magnitudes. Figure 5 compares the POSS-SDSS magnitude differences before (dashed lines) and after (solid lines) calibration, for the O and E bands, on a linear and logarithmic scale. As evident, the recalibration not only results in a smaller rms scatter, but also significantly clips the tails. Both effects are of crucial importance when selecting variable objects.
The corresponding results for the USNO-B1.0 catalog are shown in Figures 6 and 7. We note that the original O and E magnitudes have somewhat smaller errors in the USNO-A2.0 catalog, but the USNO-B1.0 magnitudes are slightly better after recalibration.
Recalibration Results for the DPOSS and the GSC2.2 Catalogs
The DPOSS catalog was recalibrated in the same manner as the USNO catalogs. When compared with USNO-B J and F bands, the DPOSS G and R bands do not show as strong a Notes.-''Old'' refers to rms scatter before recalibration, and ''new'' to rms scatter after recalibration. a J, F, and N bands listed for DPOSS correspond to G, R and I bands. which prevented the second recalibration step. Nevertheless, Figures 10 and 11 show that for the GSC2.2 catalog the magnitude dependence of the difference between the SDSS and recalibrated POSS magnitudes is minor.
Summary of Improvements in POSS Photometry
Catalog old O new O old E new E old J new J old F new F old N new N USNO-A2.
Summary of Recalibration Results
The rms values of the magnitude differences before and after the recalibration for all the catalogs and bands are listed in Table 2 . The final errors for the POSS II magnitudes are generally smaller ($0.10 mag) than for the POSS I magnitudes ($0.15 mag), both evaluated for stars brighter than g ¼ 19. The smallest final errors are obtained with the GSC2.2 catalog, for which they approach 0.07 mag at the bright end. A summary comparison of the original and recalibrated magnitudes for different catalogs is shown in Figure 12 . It should be noted that even when the photographic bands are similar (i.e., the USNO-B and GSC2.2 J and F bands), their values can be different by as much as 0.5 mag. This clearly shows that without proper recalibration it would be difficult to use data from different catalogs for variability studies.
PRELIMINARY ANALYSIS OF THE POSS-SDSS CATALOGS OF VARIABLE SOURCES
The comparison of the SDSS photometric catalog with photometrically recalibrated POSS catalogs can yield a large number of variable sources. Various methods can be employed to produce such a list of candidate variables, depending on whether each band/catalog is considered separately or not, on the cutoff values for magnitude differences, on the sample faint limit, etc. The DPOSS catalog is the main catalog used in the subsequent analysis (while the smallest final errors are produced with the GSC2.2 catalog, its public version is not as deep as the DPOSS catalog). For the POSS I survey we chose the USNO-B1.0 catalog (the other option is USNO-A2.0; the photometric errors after recalibration are similar for both USNO catalogs) because it has a more extensive set of astrometric and photometric parameters ( proper motions, epochs, etc.). The criteria for selecting candidate variable sources are described in x 3.1, and a series of tests for estimating the selection reliability are described in x 3.2.
Selection Criteria
When selecting candidate variable sources we consider each POSS band individually for two reasons. First, sometimes POSS observations of the same sky regions were not obtained at the same time, and treating each epoch separately increases the selection completeness for sources variable on short timescales. Second, additional constraints that combine different bands (e.g., ''a source must vary in both the O and E bands'') can be easily imposed after the initial single-band-based selection. We consider only isolated point sources detected by both POSS and SDSS. The SDSS catalogs have a high completeness (99.3% for the magnitude range overlapping POSS surveys; Ivezić et al. 2001) , and given that the SDSS is considerably deeper than POSS, the exclusion of orphaned sources has no significant consequence for the samples discussed in xx 4 and 5.
For each catalog and band we define the faint magnitude limit m faint , minimum flux variation Ám min , and the variation's minimum significance ¼ Ám/, where Ám ¼ jm SDSS À m POSS j and is the photometric error. In addition, to be considered for further analysis, objects must pass certain plate quality cuts described in detail in Appendix B (a cumulative quality flag goodPhoto set to 1). The adopted values of selection parameters for each catalog are listed in Table 3 , as well as the number of selected candidate variable sources. In general, the -condition controls the selection of variable sources at the faint end, and Ám min controls the selection at the bright end. We find that typically 15%-20% of selected candidates simultaneously satisfy conditions in two bands from a given catalog.
These particular selection criteria were adopted after a trialand-error procedure that utilized tests described in x 3.2. We chose to err on the conservative side and increase catalog robustness at the expense of its completeness, since the small number of epochs already introduces substantial incompleteness. Hence, the fraction of variable sources reported here is only a lower limit.
Tests of the Selection Reliability
Given the selection criteria described in x 3.1, it is necessary for subsequent analysis to estimate the completeness and efficiency of the resulting samples. The selection completeness, or the fraction of true variable sources in the analyzed sky region and observed magnitude range selected by the algorithm, Notes.-The minimum required magnitude change for the O and E bands is Ám min ¼ 0:3, and it is Ám min ¼ 0:25 for the G, R, and I bands. Col. (2): The adopted faint limit (using recalibrated POSS magnitudes). Cols. (3) and (4): The number and percentage of selected candidate variables with > 3:0. Cols. (5) and (6): The number and percentage of selected candidate variables with > 3:5. Col. (7): The total number of objects brighter than m faint .
is certainly low because the selection is based on variations in only one bandpass and a fairly large Ám min cutoff compared to the typical amplitudes of variable sources (e.g., most RR Lyrae stars and quasars have peak-to-peak amplitudes P1 mag). For example, Ivezić et al. (2000) used two-epoch SDSS measurements to select candidate RR Lyrae stars and obtained a completeness of $50% for a Ám min cutoff of 0.15 mag. With larger Ám min cutoffs and the conservative adopted here, the expected selection completeness for RR Lyrae stars is about 25% (see x 4 for a direct measurement). The completeness for other types of variable source depends on the shapes and amplitudes of their light curves and is hard to estimate, but for most sources is similarly low. While such a low completeness cannot be avoided with the available data, its stability across the sky can be controlled. This stability is demonstrated by the lack of features in the distribution of quasars selected by variability, as well as by Fig. 13. -Distribution of SDSS-DPOSS candidate variable sources with g < 19 in representative SDSS color-magnitude (left) and color-color diagrams (right). The top panels are shown for reference and display a sample of SDSS point sources with the same flux limit and with the same total number of sources ($3000). The middle and bottom panels display the distributions from the top panels as contours, and variable sources selected from the DPOSS catalog as dots (see entries in Table 3 ). The regions marked in the right panels are used for quantitative comparison of the overall and variable source distributions (see Table 4 ). [See the electronic edition of the Journal for a color version of this figure.] the recovery of known structures in the distribution of RR Lyrae stars, as discussed in x 4.2.
The selection efficiency, or the fraction of true variable sources in the selected sample, may severely impact the analysis if not sufficiently large. We demonstrate using a series of tests that the selection efficiency is indeed very large (75%) and thus allows a robust analysis of variable faint optical sources.
The main diagnostic for the robustness of the adopted selection criteria is the distribution of selected candidates in SDSS color-magnitude and color-color space. Were the selection a random process, the selected candidates would have the same distribution as the whole sample. However, we find that the samples of candidate variables have a significantly different distribution, as detailed in x 3.2.1. The most robust and quantitative test for estimating selection reliability is a comparison with repeated SDSS imaging observations, although applicable to only a small fraction ($10%) of the sky area discussed here where such SDSS observations exist. Another powerful test for candidates with large suspected flux variation (k0.5 mag) is a simple visual comparison of POSS and SDSS images. While we found a number of spurious candidates using this method, their fraction is not large enough to significantly affect our results.
The Distribution of Candidate Variable Sources in SDSS Color-Color Diagrams
The position of a source in SDSS color-magnitude and colorcolor diagrams is a good proxy for its classification. The distribution of selected candidate variables with g < 19 (using the DPOSS catalog and ¼ 3:5 selection criterion) in representative diagrams is shown in Figure 13 (the measured magnitudes are corrected for interstellar extinction using the map from Schlegel et al. [1998] ). The top row is shown for reference and displays a sample of randomly selected SDSS point sources with the same flux limits as used for selecting variable sources. The middle and bottom rows compare the distributions of this reference sample, shown as contours, to the distributions of candidate variable sources, shown as dots.
The distributions of candidate variable sources and those of the reference sample are different, demonstrating that the candidate variables are not randomly selected from the whole sample. The most obvious difference between the distributions is a much higher fraction of quasars (recognized by their UVexcess, u À g < 0:6) in the variable sample (quasars are known to be variable on the long timescales discussed here; see x 5). Another notable difference is the presence of RR Lyrae stars (u À g $ 1:2, g À r $ 0) among the candidate variables. Thus, known variable sources indeed dominate the selected candidates.
In order to quantify these differences, as well as those in other parts of the color-color diagram, we divide color-color diagrams into seven characteristic regions, each dominated by a particular type of source (for more details about the distribution of point sources in SDSS color-color diagrams, see Lenz et al. [1998] , Fan [1999] , Finlator et al. [2000] , and Richards et al. [2002] ). The fractions of variable and all sources in each region are listed in Table 4 . Notably, the fraction of variable sources that are found in region II, representative of numerous low-redshift quasars, is $34 times higher than for the reference sample.
18 The corresponding fraction for region VII (which includes high-redshift quasars and, possibly, variable stars) is about the same ($34), but the statistics are less robust due to a smaller number of sources. Another quantitative representation of the color differences introduced by the variability requirement is shown for u À g color in Figure 14 . These differences and the results obtained in x 3.2.2 demonstrate that the sample of selected candidate variables is not dominated by spurious objects.
The fraction of selected candidate variables across the sky is stable and, in particular, does not depend on the stellar number density, nor does it show jumps at the boundaries of the Schmidt plates. Figure 15 illustrates this stability for a 2N5 wide strip centered on the celestial equator, where the fraction of candidate variables remains $0.8% (not corrected for unknown selection incompleteness), despite the stellar counts varying by a factor of $3 (a slight increase at $ 230 is caused by RR Lyrae in the Sgr dwarf tidal stream; see x 4). A similarly stable behavior is observed when color-selected quasars are further subselected by variability.
The Comparison with Repeated SDSS Imaging Observations
The analysis presented in x 3.2.1 shows that the selected candidate variables are not dominated by spurious sources. Here we obtain a quantitative estimate of the selection efficiency using repeated SDSS imaging data. For about 10% of the sky area analyzed here (the SDSS southern equatorial strip; see York et al. 2000) , there exist between six and nine epochs of SDSS imaging, obtained over a period of 4 years. Due to both a larger number of epochs and more accurate photometry ($0.02 mag; for details see Ivezić et al. 2003) , these data have a much higher completeness and efficiency for discovering variable sources than the SDSS-POSS data presented here. We select variable sources from repeated SDSS scans by requiring a minimum variability larger than 0.075 mag in the g band. This selection results in a negligible fraction of spurious candidates (<1%, determined using SDSS data obtained 3 hr apart) and a high completeness (for example, more than 90% for RR Lyrae stars), and is also sensitive to long-period variables and quasar variability . About 7% of point sources brighter than g ¼ 19 pass the adopted selection cut.
Using the SDSS-DPOSS G-band candidates selected by the Ám min ¼ 0:25, ¼ 3:5 criteria (also see Table 3 ), we find that repeated SDSS scans (at least six epochs) exist for 102 sources. About 75% of these (76 objects) are confirmed as variable by SDSS data. The distributions of confirmed and spurious SDSS-DPOSS variables in SDSS color-color diagrams are compared in Figure 16 . It is not surprising that most of the spurious SDSS-DPOSS variables are found in the stellar locus, because for a given contamination fraction (which is not expected to be a strong function of color) most of the contaminants come from the most populated part of the diagram. Repeating this analysis separately for sources from inside and outside the stellar locus, we find that the fraction of true variable sources among the selected candidates from the locus is 52%, while outside the locus it is as high as 94%. Assuming that no more than 10% of sources from the locus are truly variable, the former fraction implies that the decision to tag a source as a candidate variable is correct in more than 95% of cases (for g < 19).
The Large-Amplitude Variables and Visual Comparison of Images
The presumed large-amplitude variables (k1 mag) may be more likely to be spurious (e.g., due to various defects on photographic plates). This possibility cannot be robustly tested using methods from x 3.2.2 due to insufficient number of sources. On the other hand, presumed variations with such large amplitudes can be tested by the visual comparison of SDSS and POSS images. The distribution of 76 SDSS-DPOSS candidates with 0:7 < ÁG < 1 and 36 candidates with 1 < ÁG < 3 in SDSS color-color diagrams is shown in Figure 17 . As is evident, their distribution does not follow the distribution for the reference sample, indicating that they are not dominated by spurious candidates. We have visually inspected POSS and SDSS images for these 112 candidates and found that less than $30% may have been affected by nearby bright stars. Additional visual inspection of large-amplitude variables selected using the USNO-A2.0 catalog recovered a spectacular case shown in the top panels of Figure 18 . After analyzing the plate print, as well 14.-Comparison of u À g probability density distributions (i.e., the integrals of the plotted curves are 1 by definition) for SDSS-DPOSS candidate variable sources (circles, G selection; squares, R selection), and for a reference sample with the same magnitude limit (dashed line). The left panel shows all sources, and the right panel shows a subset with g À r > 0:4 (designed to avoid the majority of low-redshift quasars; see Fig. 13 ). The peak at u À g $ 0:2 is dominated by quasars, the peak at u À g $ 1:15 by RR Lyrae stars, and the peak at u À g $ 2:5 by M stars. [See the electronic edition of the Journal for a color version of this figure.] as the brightness profiles, we concluded that the two bright POSS sources were an artifact 19 (probably caused by splattered liquid on the POSS plate). While this is a disappointing outcome, it nevertheless vividly demonstrates the ability of the selection method to recognize differences between POSS and SDSS data. Another example of a spurious candidate is shown in the bottom panels of Figure 18 . Due to a nearby star, which happened to be a large-proper-motion object, the candidate's POSS photometry was noticeably affected, while the more accurate SDSS photometry reported a single object with a correct magnitude.
Despite these pitfalls, the SDSS-POSS comparison does yield true large-amplitude variables. For example, one of the sources with an SDSS-POSS magnitude difference of $2 mag is in the Table 3 ) confirmed as varying by multiepoch SDSS imaging (left panels; 75% of the sample), and those that did not show any evidence of variability (right panels; 25% of the sample). Note that the latter are mostly found in the stellar locus. [See the electronic edition of the Journal for a color version of this figure.] region multiply observed by SDSS (12 epochs). The available SDSS data demonstrate that it is a long-period variable with a peak-to-peak amplitude exceeding 5 mag. This star, and another example of a large-amplitude variable, are shown in Figure 19 . This substructure offers a test of the spatial homogeneity of the selection algorithm: the known clumps ought to be recovered to some extent by the candidate RR Lyrae stars selected here, if the selection algorithm is robust. Furthermore, if such robustness can be demonstrated, the SDSS-POSS candidates can be utilized to quantify the halo substructure in the areas of sky for which multiepoch SDSS data do not exist. 
The u À g Color Distribution of Candidate RR Lyrae Stars
Before proceeding with the analysis of spatial distributions of candidate RR Lyrae stars, we test their selection robustness using a method introduced 20 by Ivezić et al. (2000) . RR Lyrae stars have somewhat redder u À g color ($0.2 mag) than stars with similar effective temperature (i.e., g À r color) that are not on the horizontal giant branch. Since the u-band flux is not used in the selection of variable objects (all POSS bands are redder than the SDSS u band), this offset is a robust indication that the candidate variables are dominated by true RR Lyrae stars. Figure 20 compares the u À g color distribution for candidate variable objects to the distribution for all sources in a narrow g À r range (0-0.05, designed to exclude the main stellar locus). As is evident, the selected candidates have redder u À g color than the full sample, in agreement with the color distribution of RR Lyrae stars selected using light curves obtained by the QUEST survey (for details see Ivezić et al. 2005) . The difference is more pronounced for the selection in blue bands (because the variability amplitude decreases with wavelength), and somewhat more pronounced for the GSC catalog than for the DPOSS catalog. The counts of selected candidates are consistent with the conclusion from x 3 that the decision to tag a source as a candidate variable is correct in more than 95% of cases.
Completeness and selection efficiency for RR Lyrae stars was determined using a complete sample of 82 RR Lyrae stars discovered by the QUEST survey (isolated subsample with r < 19:5) and discussed by Ivezić et al. (2005) . Using the ¼ 3:5 and Ám min ¼ 0:1 criteria to tag candidates in the DPOSS G or R band, a total of 26 variable objects were selected, where 21 (81%) of these stars are also QUEST RR Lyrae stars, implying a 26% completeness and 81% efficiency for the selection of RR Lyrae candidates. This relatively low completeness does not prevent the use of such samples for statistical studies of halo structure because the selection is primarily determined by 0 ; 5 0 g-band SDSS images, and the left panels display the blue POSS I images on the same scale and with the same orientation. In the top panels, the source marked by a cross was selected as a large-amplitude candidate variable. The visual inspection of the POSS image confirmed that a much brighter source existed in the POSS image, as well as another nearby bright source, both of which turned out to be artifacts. The bottom panels show an example in which the POSS photometry was noticeably affected by a nearby source (which happened to be a large-proper-motion object). the light-curve phase difference between the two observations and is thus essentially uncorrelated with any relevant physical property.
The Spatial Distribution of Candidate RR Lyrae Stars
Using the above selection criteria (object is tagged if it satisfies criteria in the DPOSS G or R band), we isolate 679 RR Lyrae candidates by adopting color boundaries from Ivezić et al. (2005) . The magnitude-position diagram for 258 candidates within 5 of the celestial equator is shown in Figure 21 . The sample completeness is fairly uniform for r < 19 and decreases with r toward the selection faint limit of r ¼ 19:5 (corresponding to $60 kpc).
As discussed by Ivezić et al. (2005) , an advantage of the data representation utilized in Figure 21 (magnitude-angle diagram) is its simplicity: only ''raw'' data are shown, without any postprocessing. On the other hand, it can be argued that the identification of overdensities discussed above is somewhat subjective and that their significance is not quantitatively estimated. Furthermore, the magnitude scale is logarithmic, and thus, the spatial extent of structures is heavily distorted. In order to avoid these shortcomings, we have applied a Bayesian method for estimating continuous spatial density distribution developed by Ivezić et al. (see their Appendix B) . The resulting spatial density (multiplied by the cube of the galactocentric radius) computed using this method, for data displayed in Figure 21 , is shown in the top panel of Figure 23 . The advantage of that representation is that it better conveys the significance of various local overdensities. We refer to the various clumps discussed below using their positions in Figures 21 and 22 , but we use Figure 23 to confirm their significance.
The clumps easily discernible at (, r) $ (210, 19.2) and at (30, 17) are associated with the Sgr dwarf tidal stream (J2000.0 coordinates are used throughout). The clumps at (185, 16.5) and (330, 16.5) have also been previously reported (Vivas et al. 2001; Ivezić et al. 2004d ). The recovery of these known structures suggests that the clump at ($225, $15.5), which has not been previously reported, is probably a robust detection. Another previously unrecognized clump is detected around $ 240 , $ 50 (see Fig. 22 ). The significance of these newly recognized structures will be placed in the broader context of other available data elsewhere, when larger samples of other halo tracers, needed for independent confirmation of the structures, become available (e.g., we are currently comparing these samples to M-giant samples selected using 2MASS [Two Micron All Sky Survey] catalogs).
THE LONG-TERM VARIABILITY OF QUASARS
The optical continuum variability of quasars has been recognized since their first optical identification (Matthews & Sandage 1963) , and it has been proposed and utilized as an efficient method for their discovery (van den Bergh et al. 1973; Hawkins 1983; Hawkins & Véron 1995) . The observed characteristics of the variability of quasars are frequently used to constrain the origin of their emission (e.g., Kawaguchi et al. 1998 and references therein; Martini & Schneider 2003) .
Recently, significant progress in the description of quasar variability has been made by employing SDSS data (de Vries et al. 2003 (de Vries et al. , 2005 Vanden Berk et al. 2004) . The size and quality of the sample analyzed by Vanden Berk et al. (2004;  two-epoch photometry for 25,000 spectroscopically confirmed quasars) allowed them to constrain how quasar variability in the rest-frame optical / UV regime depends on the rest-frame time lag, luminosity, rest wavelength, redshift, presence of radio and X-ray emission, and presence of broad absorption line outflows. However, the time lags probed by the available SDSS data (up to 3 yr) are too short to detect deviations of the structure function (the rms scatter of measured magnitudes; see eq.
[1] in dV03) from a simple power law that are expected for long time lags (Cid Fernandes et al. 2000 and references therein).
The much longer time lags between POSS and SDSS ($50 yr in the observer's frame) offer the possibility of detecting such deviations, despite larger photometric errors for the POSS catalogs, and of studying the long-term characteristics of quasar variability. Using a recalibration approach similar to the one described here (except that only fields around known quasars were recalibrated), dV03 studied long-term variability for 3791 quasars from the SDSS Early Data Release (Stoughton et al. 2002) . While this paper was under peer review, de Vries et al. extended their work and analyzed a sample of $42,000 quasars with historic observations from POSS and more recent data from SDSS and the Two Degree Field QSO Redshift Survey (dV05). Here we have used a sample of similar size ($17,000; Schneider et al. 2003 ) but also combined it with the results for short-term quasar variability from Ivezić et al. (2004b, hereafter I04) . The large sample size allows us to constrain the overall shape of the m SDSS À m POSS distribution and not only its rms scatter, as discussed in x 5.1. The dependence of the quasar variability on rest-frame wavelength and time lag is analyzed in x 5.2.
The Distribution of SDSS-POSS Magnitude Differences for Quasars
Analysis of the multiepoch SDSS imaging data suggests that the distribution of Ám for quasars is better described by an exponential distribution than by a Gaussian distribution for all bands (ugriz) and timescales probed (up to a 4 yr time lag in the observer's frame). This result is independent of whether the data are binned by wavelength and time lag in the rest or observer's frame (I04). Here we investigate whether this result can be reproduced for much longer time lags using SDSS-POSS measurements. Figure 24 shows the magnitude difference distributions for stars and spectroscopically confirmed quasars with redshifts in the range 0:3 < z < 2:4, measured using the GSC, DPOSS, and USNO-A2.0 catalogs (we use both GSC and DPOSS catalogs for this analysis because they have different calibrations). The distributions for quasars are marked by triangles, and those for a control sample of stars with the same magnitude distribution 21 are marked by circles.
The dashed lines in Figure 24 show exponential distributions that have the same rms scatter as the data (the rms values for each distribution are shown in the panels and also listed in Table 5 ), and the dot-dashed lines show Gaussian distributions, both convolved with a Gaussian of the same width as the distribution of magnitude differences for stars. While the data presented here do not constrain the tails of the Ám distributions as well as multiepoch SDSS data do (due to larger photometric errors), the obtained magnitude distributions are consistent with the inferences made using multiepoch SDSS data. Typically, $1% of the sample is outside the AE3 boundaries, a fraction about 5 times larger than expected for a Gaussian distribution. While formally significant, it is possible that the remaining calibration problems with POSS catalogs have contributed to this deviation from a perfect Gaussian distribution. In any case, the deviations are sufficiently small for the rms width to be an efficient statistic for describing the observed distributions.
These observed rms values, listed in Table 5 , are $1 ($0.05-0.10 mag) smaller than the values obtained by dV03. The photometric errors (i.e., structure function for stars) displayed in Figure 8 from dV03 correspond to the smaller of the two curves shown in their Figure 4 . Adopting the other curve decreases the estimate of the quasar variability as measured by dV03, and thus decreases the discrepancy with our results to a <1 level. It is noteworthy that the magnitude difference distributions for stars shown in Figure 24 have smaller rms values than do the structure functions for stars shown in Figure 4 from dV03 [our values correspond to log (SF) $ À0:65 or less]. Thus, it is plausible that the remaining slight discrepancy is due to somewhat different procedures used to recalibrate POSS catalogs. Furthermore, in a follow-up paper, dV05 obtained structure functions for stars (their Fig. 6 ) that are fully compatible with the log (SF) $ À0:65 level obtained here. Hence, both our and the de Vries et al. calibration methods yield essentially the same final photometric accuracy for recalibrated POSS data.
The Turnover in the Structure Function
The extrapolation of the power-law dependence of the quasar rms variability on time, measured on short timescales using repeated SDSS imaging (I04), predicts that the quasar rms variability Ivezić et al. (2005) . The color scheme represents the number density multiplied by the cube of the galactocentric radius and displayed on a logarithmic scale with a dynamic range of 300 (light blue to red ). The green color corresponds to the mean density; all wedges with the data would have this color if the halo numberdensity distribution followed a perfectly smooth r À3 power law. The purple color marks the regions without the data (note that here the maximum probed distance, 57 kpc, is smaller than the 70 kpc from Ivezić et al.) . The yellow regions are formally of $3 significance (using only the variance of the counts). measured using SDSS and POSS I should be on the order of 0.60 mag, and 0.35 mag for SDSS-POSS II. Since the measured values (see Table 5 ) are smaller than these extrapolated values, they present possible evidence for a turnover in the quasar structure function. Figure 25 shows the dependence of structure function on rest-frame time lag in the range 2000-3000 8 for two data sets: SDSS-SDSS for short time lags (taken from I04; note that the variability inferred from repeated imaging scans is fully consistent with the results presented by Vanden Berk et al. [2004] , which were based on a comparison of imaging and spectrophotometric magnitudes), and SDSS-POSS for long time lags. The extrapolation of the power law measured for short timescales clearly overestimates the amplitude of the structure function reported here. We fit the observed dependence of the structure function on rest-frame time lag using the following functional form
The best-fit parameters are D ¼ 0:32 AE 0:03, ¼ 390 AE 80 days, and ¼ 0:55 AE 0:05. This best fit is shown in Figure 25 by the dot-dashed line. We conclude that the characteristic timescale -Triangles: Probability density distributions of POSS-SDSS magnitude differences for color-selected low-redshift quasars. Circles: Corresponding distribution for stars (note logarithmic scale). The rms for each distribution measured using the interquartile range is also shown in each panel (left value, quasars; right value, stars). The dot-dashed lines show Gaussian distributions that have the same rms scatter as the data. Note that the magnitude differences for the stars are well described by a Gaussian. The dashed lines show exponential distributions that have the same rms as the data for the quasars and are convolved with the error distribution. They seem to provide a marginally better fit to the data than the Gaussian distribution. [See the electronic edition of the Journal for a color version of this figure. ] for optical variability of quasars is on the order of 1 yr in the rest frame. This timescale is in good agreement with variability models based on accretion disk instabilities (Kawaguchi et al. 1998; Vanden Berk et al. 2004 and references therein) . On the other hand, this conclusion is somewhat different from that derived by dV05, who analyzed very similar data.
Using a sample of quasars with historic observations from POSS similar to the sample discussed here, dV05 concluded that there is no turnover in the structure function of the quasars (up to timescales of $40 yr). Although they used a slightly different time-binning method, a comparison of their Figure 8 (or Fig. 13 ) and our Figure 25 reveals that the data points have similar behavior. In particular, the point marked ''POSS II'' in our figure is below the best fit, and this is the same depression visible in Figures 8 and 13 of dV05 (shown by the thin solid line in Fig. 25 ). Since our two POSS points agree well with the dV05 structure function, the different conclusions are not due to problems with the recalibration of POSS surveys, but rather to differences in the data interpretation.
It is worth pointing out that the asymptotic approach of our best-fit structure function to a value of 0.32 mag is due to the chosen functional form. In a strict sense, POSS I and POSS II points only imply that the power law measured for short timescales (rest-frame time lag P3 yr) overestimates the amplitude of the structure function at timescales of k10 yr. While the dV05 structure function with its fine time-bin sampling provides some evidence for asymptotic behavior (see Fig. 25) , it is entirely possible that the structure function continues to increase with time for long timescales, albeit much more slowly than for short timescales.
Using a model light curve based on repeated outbursts with a given timescale, dV05 concluded that their structure function cannot be explained with a single timescale. By adopting a twotimescale model, they obtained an excellent fit to their structure function, including the depression around the POSS II point in our Figure 25 . The discrepancy between our best-fit model curve and the point marked ''POSS II'' is about 1 , or 0.05 mag. Given the data and analysis methods presented in this paper, we are not in a position to claim that this is a significant discrepancy. On the other hand, error bars in Figures 8 and 13 from dV05 indicate a much higher statistical significance, probably due to a different analysis method that incorporates finer time-lag sampling than presented here. In principle, some hidden remaining systematic errors at the level of a few hundredths of a magnitude cannot be easily excluded, but there is no proof that such errors indeed exist.
One way to resolve this discrepancy is to use more accurate photometric data than recalibrated POSS catalogs. As the SDSS continues, the probed timescales for quasar variability will extend to $5 yr (in the rest frame) in a 300 deg 2 region (the socalled Southern Survey and the SDSS II supernova survey; Sako et al. 2005) . Hence, it will soon be possible to measure the quasar structure function, and to test for the existence of multiple timescales, using only SDSS data. At the time of writing, most of the recent SDSS data are still not properly photometrically calibrated (because most of the new scans were obtained in nonphotometric conditions). However, a subset of data from the Southern Survey area is already calibrated and can be used to extend results from I04 to rest-frame timescales of up to 3.5 yr for a sample of 3000 spectroscopically confirmed SDSS quasars. The structure function based on this preliminary analysis is shown by open squares in Figure 25 . Although these data were not used to constrain the best-fit empirical model (eq. [5]), the additional points are consistent with it and suggest that the depression in the structure function implied by POSS II data may not be real.
If this depression is not real, then the best-fit parameters from dV05 will have to be revised. However, such a revision would not necessarily imply that their conclusion about multiple timescales Notes.-In the observer's frame, ''long term'' is $10 yr for the J/F or G/R bands and $50 yr for the O/E bands (see Fig. 1 is incorrect. Within the context of their adopted light-curve model, it is not obvious that our best-fit structure function (which does not include a depression) could be explained by a single timescale. Indeed, our inability to fit the data with $ 1 (see eq.
[5]) may be a strong argument in favor of multiple scales. A useful exercise would be to attempt to explain the best-fit structure function presented here with the light-curve model from dV05, which is beyond the scope of this work. Nevertheless, a characteristic timescale ( from eq. [5]), which in some sense is an average over the quasar population and possible multiple timescales, appears to be on the order of 1 yr.
DISCUSSION
We have presented a direct comparison of photometric measurements available in public POSS catalogs. The most accurate photometry is provided by the GSC2.2 catalog. The results of photometric recalibration based on a dense grid of calibration stars measured by the SDSS demonstrate that errors in POSS photometry can be reduced by about a factor of 2. POSS I magnitudes can be brought to $0.15 mag accuracy, and POSS II magnitudes to $0.10 mag accuracy. While these apparently irreducible errors are considerably larger than those delivered by modern CCD data ($0.02), the POSS catalogs are, nevertheless, invaluable for studying sources variable on long timescales. A particular success of the recalibration method is that the resulting error distribution for POSS photometry is nearly Gaussian, which greatly helps in the design of robust algorithms for selecting candidate variable sources.
We have designed and tested algorithms for selecting candidate variable sources using POSS and SDSS photometric measurements. The algorithm's decision to tag a source as a candidate variable is correct in more than 75% of cases, and approaches 95% for sources outside the stellar locus. This is the first study to examine the distribution of sources variable on long timescales in SDSS color-color diagrams. Even with the fairly large cutoffs for selecting candidate variables (0.20-0.35 mag), we find that at least 1% of faint optical sources appear variable.
A particularly valuable result of comparing POSS and SDSS catalogs is the selection of candidate RR Lyrae stars, which are excellent probes of the Milky Way's halo structure. We have demonstrated that the known halo substructures are recovered by the selected candidates and discovered several new features. This method improves the efficiency of color-based selection proposed by Ivezić et al. (2005) and will eventually yield several thousand highly reliable RR Lyrae candidates. A simultaneous analysis of samples selected by different methods will provide a good assessment of their contamination and completeness rates.
About 10% of the variable population are quasars, although they represent only 0.25% of all point sources (for g < 19). Using a sample of $17,000 spectroscopically confirmed quasars, we have demonstrated that the power-law increase of the quasar variability (structure function, rms) with time lag observed for short time lags cannot be extrapolated beyond a few years in the rest frame; such extrapolation predicts a variability level significantly larger than measured (0.35 vs. 0.60 mag for SDSS-POSS I, and 0.24 vs. 0.35 mag for SDSS-POSS II). The implied turnover in structure function indicates that the characteristic timescale for optical variability of quasars is on the order 1 yr in the rest frame. This timescale is in good agreement with variability models based on accretion disk instabilities. However, a detailed comparison with competing models, such as supernova bursts and microlensing (see Vanden Berk et al. 2004 and references therein) is necessary before more robust conclusions can be reached.
Our study has also revealed some limitations of the POSS catalogs. In particular, we had to limit our search for variable sources to only isolated point sources detected by both POSS and SDSS. Attempts to find sources detected by only one survey, or variable sources that are blended with another nearby source, were unsuccessful due to overwhelmingly large numbers of false positives.
Despite these shortcomings, the assembled catalogs of candidate variable sources offer a good starting point for further analysis and follow-up observations. For example, light curves and spectra for selected candidates could be obtained even with telescopes of modest size. Such additional data would help improve candidates' classification beyond information provided by SDSS colors. Another potentially interesting research direction is positional cross-correlation with catalogs obtained at other wavelengths (e.g., ROSAT, 2MASS, IRAS ). For example, long-period variables such as Mira and other asymptotic giant branch stars are typically strong infrared emitters, and thus could be efficiently separated from the rest of the candidate variables. In order to facilitate such studies, we have made our catalog of recalibrated POSS photometric observations publicly available (see Appendix B).
This study once again demonstrates the importance of maintaining a careful archive of astronomical observations; the data may be valuable long after the acquisition technology becomes obsolete.
We thank Princeton University for generous financial support of this research. We are grateful to Wim de Vries for making results from de Vries et al. (2005) available in machine-readable format and for illuminating discussions.
Funding for the creation and distribution of the SDSS Archive has been provided by the Alfred P. Sloan Foundation, the Participating Institutions, the National Aeronautics and Space Administration, the National Science Foundation, the US Department of Energy, the Japanese Monbukagakusho, and the Max Planck Society. The SDSS Web site is http://www.sdss.org.
The SDSS is managed by the Astrophysical Research Consortium for the Participating Institutions. The Participating Institutions are the University of Chicago, Fermilab, the Institute for Advanced Study, the Japan Participation Group, the Johns Hopkins University, Los Alamos National Laboratory, the Max Planck Institute for Astronomy, the Max Planck Institute for Astrophysics, New Mexico State University, the University of Pittsburgh, Princeton University, the United States Naval Observatory, and the University of Washington. , data come from the POSS I plates, while data for field centers with < À35 come from the SRC-J and ESO-R plates. The USNO-A2.0 catalog uses the International Celestial Reference Frame as realized by the USNO ACT catalog (Urban et al. 1997) , and in addition to source coordinates, it lists the blue (O) and red (E ) magnitudes for each object. The USNO-B catalog (Monet et al. 2003) , currently released in version 1.0, is the next in a sequence of catalogs produced 23 by the USNO team. It is an all-sky catalog with positions, proper motions, magnitudes in different optical bands (O, E, J, F, N ), and star/nonstar estimations for approximately 1 billion objects. Besides the first-epoch surveys (POSS I, ESO-R, SRC-J ), it also utilizes the second-epoch surveys: POSS II for field centers with > À30
, and SES (South Equatorial Survey) for < À35 (Reid et al. 1991) . It is fairly complete to V ¼ 21, with a claimed astrometric accuracy of 0B2 (J2000.0), a photometric accuracy of 0.3 mag, and an 85% accuracy for distinguishing stars from nonstellar objects.
The Guide Star Catalog.-The GSC II (McLean et al. 2000 ) is an all-sky catalog based on scans of the photographic plates obtained by the Palomar and UK Schmidt telescopes. Schmidt plates for both the northern (POSS II) and southern (SES) hemisphere surveys were digitized on the GAMMA scanning machines. Positions, magnitudes, and classifications are produced for all objects on each plate, and the data are stored in the COMPASS database. The GSC2.2 catalog is an all-sky, magnitude-selected export of calibrated source parameters from the COMPASS database, complete to F ¼ 18:5 mag and J ¼ 19:5 mag. It uses $1000 objects per plate for astrometric calibration, resulting in astrometric errors of 0B3, and $100 objects per plate for photometric calibration, resulting in errors in the range 0.2-0.25 mag. The number of unique objects exported is approximately 456 million. 24 The Digitized Second Palomar Observatory Sky Survey.-DPOSS (Djorgovski et al. 1998 ) is a digitized version of POSS II, based on plate scans done at the Space Telescope Science Institute, CCD calibrations done at Palomar, and processing done at Caltech. DPOSS consists of the original image database ($3 TB of pixel data) and the derived catalogs and metadata, primarily the Palomar-Norris Sky Catalog. DPOSS is a survey of the northern sky ( > À3 ) in three bands ( photographic J, F, and N, calibrated to g, r, and i; note that we use uppercase letters for DPOSS magnitudes to distinguish them from SDSS magnitudes), with typical limiting magnitudes G $ 21 21:5, R $ 21, and I $ 19:5 mag. Accurate star-galaxy classification is available for all objects to $1-1.5 mag above the detection limit. 25 The initial data release covers the high Galactic latitudes. The final catalog is expected to contain about 50 million galaxies and a billion stars.
APPENDIX B THE SDSS-POSS CATALOG OF RECALIBRATED OBSERVATIONS
In order to facilitate follow-up studies of variable objects described in this work, we have made the catalog of recalibrated POSS photometric observations publicly available at our Web site. 26 The catalog provides SDSS and POSS data for 6,811,791 point sources from 84 SDSS observing runs obtained before 2002 July 1 and covers an area of roughly 3300 deg 2 (SDSS Data Release 2). This site also includes a detailed description of the catalog, which lists SDSS astrometry, photometric measurements (five SDSS magnitudes and their errors, and various photometric flags), and the original and recalibrated USNO-B (O and E bands) and DPOSS (G, R, and I bands) magnitudes with corresponding error estimates. The samples and analysis described in this paper can be fully reproduced using these data.
